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Abstract A mutant Aspergillus carbonarius selected for
temperature tolerance after UV treatment, when grown in
shake flasks, produced mycelia bearing yellow pigment.
Since the mutant was affected in sterol biosynthetic
pathway, the pigment was apparently produced to maintain
membrane fluidity and rigidity for growth sustenance in
low-pH culture broth. Nuclear magnetic resonance analyses
characterizing the pigment as a partially saturated cantha-
xanthin, containing β-ionone end rings, suggested its
application as a retinoid. When tested for this property in
retinoic acid receptor expressing prostate cancer cell line,
LNCaP, the fungal partially saturated canthaxanthin in-
duced apoptosis. Low apoptosis percentage in DU145
prostrate cancer cells that does not express functional
retinoic acid receptor-β (RAR-β) suggested binding spec-
ificity of the partially saturated canthaxanthin for RAR-β.
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Introduction

Some microorganisms, especially Aspergilli, reduce the pH
of culture media to extreme acidity during growth. The
internal pH homeostasis, for growth sustenance under such
an extreme condition, is maintained either through the
cytoplasmic membrane P-adenosine triphosphatases which
expel free protons (Serrano 1988; Hesse et al. 2002) or by
incorporating sterols, squalene, polyisoprenes (dolichol,
ubiquitin), saturated fatty acids, and unusual lipids into the
lipid bilayers (Lazrak et al. 1988; Albers et al. 2001) for
strongly reducing permeability to water and small molecules.
Carotenoids like zeaxanthin, astaxanthin, and canthaxanthin
also have the ability to incorporate into membranes and
change fluidity and integrity (Wisniewska and Subczynski
1998; Socaciu et al. 2002). While the polar end groups and
hydrophobic middle chain of carotenoids have physiological
roles in influencing structural and mechanical properties of
lipid bilayers to decrease diffusion of free ions (Gabrielska
and Gruszecki 1996), the β-ionone rings find application as
retinoids for cancer treatment (Bertram 1999; Altucci and
Gronemeyer 2001; Garattini et al. 2007).

Retinoids, a group of natural and synthetic derivatives of
vitamin A (Niles 2004), mediate cell signaling through
retinoic acid and retinoid X nuclear receptors to restore
normalcy in abnormal animal cells (de Luca 1991; Li et al.
1998; Altucci and Gronemeyer 2001). It involves binding
of the retinoid β-ionone end rings to the ligand binding
pockets of the receptors (Bertram 1999; Egea et al. 2002).
Though efficacy of several synthetic retinoids for cancer
therapy have been reported based on studies using cell line
models (Huang et al. 1997; Sun et al. 1999; Altucci and
Gronemeyer 2001; Bertram and Vine 2005), the occurrence
of stereoisomers and toxicity restricted their clinical use
(Garattini et al. 2007). Hence, efforts are being made to
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identify natural retinoids (McCormick et al. 1999) and
Gundersen and Blomhoff (2001) have elaborately discussed
qualitative and quantitative analysis of different natural
retinoids.

When we isolated a mutant Aspergillus carbonarius for
temperature tolerance, it was found to accumulate a yellow
pigment during growth in acidic pH. The pigment was
characterized as partially saturated canthaxanthin contain-
ing β-ionone rings. Like a retinoid, it also induced
apoptosis in cell lines containing retinoid receptors. The
details are described in the paper.

Materials and methods

Isolation of A. carbonarius mutant

Spores of A. carbonarius (Accession No. CFTRI 1047)
were spread on potato dextrose agar plates and inverted on
transilluminator (302 nm) to obtain ~50% kill. After
placing the plates at 4°C overnight in the dark to avoid
photoactivated DNA repair, they were incubated at 42°C
for 48 h (Gordon et al. 2000). The colonies that emerged
24 h after incubation at 30°C were isolated and grown in
corn flour medium (4% corn flour, 0.5% (NH4)2HPO4, and
0.5% NH4H2PO4, pH 5.5) under shake flask conditions
(200 rpm for 48 h). Under this culture condition, the
biomass of some of the mutants attained a yellow color.
One such mutant (accession No. CFTRI UV-10046) was
used for the study.

Proton permeability determination and sterol extraction

Mycelia of A. carbonarius mutant obtained after 36-
h growth in the medium buffered to pH 3.0 and 5.5 were
used for permeability studies. Washed mycelia (1 g) were
placed in 50-ml distilled water acidified to pH 3.0 with
0.1 M HCl. Changes in conductivity and pH of the distilled
waters were measured after 60-min incubation. Using the
equation, pH ¼ � log Hþ½ �, concentration of H+ ions in the
distilled waters was obtained. The mycelia were dried at
50°C to represent the values in terms of milligram dry
biomass. Based on standard deviation (SD) of three
independent determinations, mean±SD was obtained.

Free sterols from 1-g dried fungal biomass were
extracted in methanol–chloroform (1:2 v/v) by pulverization
with neutralized sand using mortar and pestle (Stoudt and
Foster 1954; Folch et al. 1957). After filtration, the solvent
was removed by flash evaporation and the extract was
reconstituted in 1.0 ml hexane. Gas chromatography
analysis was carried out (Nemec et al. 1997) and sterol
concentration was obtained using ergosterol (Sigma, USA)
as standard.

Extraction and purification of the pigment

The biomass grown in corn flour medium for 36 h was
separated from the medium by filtration through nylon
mesh (250 μm). Following washing with distilled water,
they were dried at 50°C. The pigment from 1.0-g biomass
was extracted with 50 ml absolute ethanol taken in conical
flasks. For this, the flasks were placed on a platform shaker
(200 rpm) for 30 min at room temperature. Two sequential
extractions were performed and the pooled extract was
subjected to preparative thin-layer chromatography (TLC;
Merck) with the solvent system made of isooctane, acetone,
and diethyl ether (6:2:2). The yellow spot from the TLC
plate (pigment) was eluted into ethanol and the procedure
was repeated until the compound eluted as a single peak
after high performance liquid chromatography (HPLC;
Shimadzu LC-10A; isocratic elution at 1-ml min−1 flow
rate in 30-cm×4.0-mm C18 Supelco column) using 95:5
HPLC-grade methanol and acetone (Merck).

Spectroscopic methods

Mass spectrum was recorded with liquid chromatography–
mass spectrometry (LC–MS; Waters, TOF) at a flow rate of
200 μl min−1 with 90% methanol as mobile phase. 1H and
13C nuclear magnetic resonance (NMR) spectra of the
purified compound dissolved in CDCl3 were collected with
500-MHz (Inova-500) and 75-MHz (Gemini-300) NMR
spectrometers, respectively. Distortionless enhancement of
polarization transfer (DEPT) was performed with Gemini-
300 spectrometer and heteronuclear single quantum coher-
ence (HSQC) and correlation spectroscopy (COSY) with
Inova-500 spectrometer.

2, 2-Diphenyl-1-picrylhydrazyl free radical scavenging
assay

The pigment dissolved in 0.2 ml ethanol (concentration 20–
100 μg ml−l) was made to 1 ml with 0.8-ml 100-mM Tris
HCl buffer (pH 7.4). One milliliter 500 μM 2, 2-diphenyl-
1-picrylhydrazyl prepared in ethanol was added, shaken
vigorously, and incubated for 30 min at room temperature.
Absorbance of the resulting solution was measured at
517 nm (UV–visible spectrophotometer, Shimadzu 160A,
Japan) using pigment and substrate blanks. All the assays
were carried out in triplicate.

Lipid peroxidation inhibitory studies

Lipid peroxidation inhibitory activity of ethanol extract was
measured by the method described by Duh and Yen (1997).
Egg lecithin (5 mg ml−l in phosphate buffer, pH 7.4) was
sonicated (Hielscher GmbH, UP 50H ultraschallprozessor)
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for 30 min to obtain small membrane liposome vesicles.
One-milliliter liposome mixture was treated with varying
pigment concentration (30–100 μg ml−l) and lipid perox-
idation was induced by the addition of 10 μl L-ascorbic acid
(200 mM) and FeCl3 (400 mM). After incubation for 1 h at
37°C (Buchi Heating-bath B-490, Switzerland), 2 ml
0.25 N HCl containing 15% trichloroacetic acid and
0.375% thiobarbituric acid was added and boiled for
15 min. Absorbance of the filtered supernatant was
measured at 532 nm. Blank and controls were maintained
without liposome mixture and sample, respectively.

Cell lines

Human cervical cancer cells (HeLa) negative for retinoic
acid receptor (RAR) expression (Bartsch et al. 1992; Geisen
et al. 1997), prostate cancer cells (LNCaP) positive for
RARs (Campbell et al. 1998), and prostate cancer cells
(DU145) negative for RAR-β (Campbell et al. 1998; Singh
et al. 2003) were obtained from American Type Culture
Collection for use in this study. The cells were cultured in
Roswell Park Memorial Institute 1640 medium (Invitrogen)
supplemented with 10% fetal bovine serum (Invitrogen)
and 2 mM glutamine. Cells were maintained at 37°C with
5% CO2.

3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium
bromide cell proliferation and fluorescence-activated cell
sorting assays

Cells seeded in two 96-well microtiter plates for 24 h were
treated with growth medium containing 1.27 and 2.14 μM
partially saturated canthaxanthin, respectively. Control cells
were treated with 0.5% ethanol. Metabolic activity of the
cells was measured, after 48 h treatment, using 3-(4, 5-
dimethylthiazolyl-2)-2, 5-diphenyltetrazolium (MTT) cell
proliferation kit (Roche) following the manufacturer’s
protocol.

Apoptosis of the cells treated to the pigment was
estimated by fluorescence-activated cell sorting assays
(FACS). For this, 24-well plates containing seeded cells
were treated with the medium containing partially saturated
canthaxanthin (1.27 and 2.14 μM) dissolved in ethanol
such that the concentration of ethanol in the medium did
not exceed 0.5%. As vehicle control, cells were treated with
medium containing 0.5% ethanol. Cells grown in the
medium were also used as control. After 48 h, floating
and adherent cells harvested were washed twice in
phosphate-buffered saline and suspended in 1× binding
buffer for staining with annexin-V and propidium iodide
(APOAF apoptosis detection kit; Sigma Aldrich). The
fluorescence of 10,000 cells was sorted and analyzed using
EPICS XL-MCL flow cytometer (Coulter). The data were

plotted on two axis design, which had four quadrants.
Quadrant 1 quantitated population of dead but nonapoptotic
cells (annexin-V negative and propidium iodide positive),
quadrant 2, population of apoptotic cells (positive for both
annexin-V and propidium iodide), quadrant 3, live cells
(negative for both annexin-V and propidium iodide), and
quadrant 4, cells at the onset of apoptosis (stains positive
for annexin alone).

Results

Role of the pigment in the organism

A mutant A. carbonarius selected for temperature tolerance,
when grown in corn flour medium buffered to pH 3.0,
produced yellow-pigmented mycelia. Such a pigmentation
was absent in mycelia grown at pH 5.5. Since the wild type
grown at pH 3.0 did not exhibit pigmentation, the sterol
concentrations were analyzed to predict the role of the
pigment in the mutant fungus. The mutant mycelia grown at
pH 5.5 had ~22% less sterol (1.148±0.012 mg g−1 dcm)
compared to that estimated in the wild type (1.466±
0.026 mg g−1 dcm). While the sterol concentration
remained unaffected in the wild-type mycelium grown at
pH 3.0, only negligible quantities of sterol were estimated
in mutant mycelia grown in pH 3.0 medium.

Pigmented mycelia of the mutant fungus placed in
distilled water, acidified to pH 3.0, increased the pH to
3.27. The pH-5.5-grown unpigmented mycelia, under these
experimental conditions, increased the pH of the distilled
water to 4.01. Since the acidified distilled water contained
only H+ ions, the increase in pH was solely due to their loss
as shown by the decreased conductivity of distilled water.
The loss of H+ was more significant in unpigmented
mycelia (20.552±0.100-μM mg−1 biomass) compared to
those pigmented (7.771±0.116-μM mg−1 biomass). Thus, it
appeared that the pigment functioned to prevent ion influx
into mutant cells for higher tolerance to extreme environ-
mental acidity.

Characterization of the pigment

The pigment purified from mutant A. carbonarius mycelia
exhibited double-shouldered absorption spectrum with λmax

at 414 nm in ethanol. The LC–MS resolved a major peak at
m/z of 572. Assignment of individual protons and carbons
after 1H and 13C-1D NMR, DEPT, COSY, and 13C-HSQC
analyses (Table 1) showed aliphatic chains in the pigment,
indicated by the number of 13C peaks in the range 34.6–
14.2 ppm and corresponding proton peaks in 0.95–
2.04 ppm. The most downfield 13C peak at 180.4 ppm,
without any proton cross peaks in HSQC, identified as a
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quaternary carbon in DEPT spectrum, showed the presence
of ketone group. The olefinic group, probably in conjuga-
tion, was deciphered from the number of 13C peaks
between 128.4 and 131.0 ppm and corresponding proton
cross peaks in the range 5.98–6.5 ppm. Similarly, a bunch
of 13C peaks between 34.6 and 14.2 ppm and the
corresponding proton peaks between 0.95 and 2.04 ppm
indicated the presence of saturated hydrocarbons. The
carbonyl group at C1 and C1′ (13C peak at 180.2 ppm)
suggested a symmetrical structure for the compound. The
13C at 32.5 and the corresponding proton peak at 2.39 ppm
(triplet, 2H) showed the occurrence of C2 and C2′ (–
CH2–). Likewise, C3 and C3′ were confirmed by 13C peak
at 35.0 ppm and the quaternary carbons C4 and C4′ by the
13C peaks at 33.6 ppm. 13C peaks at 128.1 and 128.6 ppm
confirmed double bonds connecting two sets of quaternary
carbon C5, C5′ and C6, C6′. The olefinic groups C7, C8,
and C10 and corresponding C7′, C8′, and C10′ were
identified with the 13C peaks at 131.0, 128.4, and
130.4 ppm and the corresponding protons at 6.5 (doublet,

H), 6.3 (doublet, H), and 5.98 (multiplet, H), respectively.
Existence of saturated carbon chains were confirmed by 13C
peaks at 26.0 ppm (1H at 2.04 ppm) for C11 and C11′,
34.6 ppm (1H at 1.32 ppm) for C12 and C12′, 30.2 ppm (1H
at 1.36 ppm) for C13 and C13′, and 32.8 ppm (1H at
1.10 ppm) for C15 and C15′. The multiplet nature of the
proton peaks further supported the presence of saturated
carbon chain in the compound. The 27.8-, 18.0-, and 14.2-
ppm peaks corresponded to methyl groups at C16, C17,
C18, and C19 (C16′ or C17′, C18′, and C19′) positions. The
respective singlet proton cross peaks at 1.32, 2.00, and
1.64 ppm suggested that they were attached to quaternary
carbons. Similarly, the –CH3 at C20, C20′ were confirmed
by 13C peaks at 23.0 (1H at 0.95 ppm).

Based on the NMR data, the pigment was identified as
partially saturated canthaxanthin (11, 12, 13, 14, 15, 11′,

Table 1 NMR spectra assigning 1H and 13C for the pigment of A.
carbonarius mutant

Assignment 1H δ (ppm) Assignment 13C δ (ppm)

– – C1, C1' 180.2
H2, H2' 2.5 (2H, t) C2, C2' 32.5
H3, H3' 2.39 C3, C3' 35.0
– – C4, C4' 33.6
– – C5, C5' 128.1
– – C6, C6' 128.6
H7, H7' 6.5 (H, d) C7, C7' –
H8, H8' 6.3 (H, d) C8, C8' 131.0
– – C9, C9' 128.4
H10, H10' 5.98 (H) C10, C10' 130.4
H11, H11' 2.04 (2H) C11, C11' 26.0
H12, H12' 1.32 (2H, m) C12, C12' 34.6
H13, H13' 1.36 (H, m) C13, C13' 30.2
H14, H14' 1.10 (2H, m) C14, C14' 32.8
H15, H15' 1.10 (2H, m) C15, C15' 29.2
H16, H16' 1.32 (3H) C16, C16' 27.8
H17, H17' 1.32 (3H) C17, C17' 27.8
H18, H18' 2.00 (3H) C18, C18' 18.0
H19, H19' 1.64 (3H) C19, C19' 14.2
H20, H20' 0.95 (3H, d) C20, C20' 23.0

d Doublet, t triplet, m multiplet peaks
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Fig. 1 Structure of partially saturated canthaxanthin

Table 2 Antioxidant activity of the pigment isolated from A.
carbonarius mutant

Samples EC50 value (μg ml−l)

DPPH radical
scavenging
activity

Lipid
peroxidation
inhibition activity

Pure pigment 89.0±1.2 126.5±2.3
Crude pigment 67.3±1.3 96.2±1.8
Butylated hydroxy
anisole

15.3±0.3 55.5±1.6

LNCaPHeLa

Ethanol

control

1.27 µµM

2.14 µM

Fig. 2 Photomicrograph of cell lines treated to partially saturated
canthaxanthin
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a.

b.

Ethanol control 
Treated with 1.27 µµM partially 

saturated canthaxanthin

Treated with 2.14 µM partially 

saturated canthaxanthin

DU145

LNCaP

Fig. 3 Apoptosis in cell lines treated to partially saturated cantha-
xanthin, a FACS assay, b histogram representing percentage cells
undergoing apoptosis on treatment with partially saturated canthaxan-

thin. Error bars represent percent standard deviation over the mean of
data from two experiments
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12′, 13′, 14′, 15′ decahydro β, β carotene-4, 4′ dione), a
polar carotenoid with keto groups at C1 and C1′ (Fig. 1). A
molar extinction coefficient of 51,158.7 M−1 (log ɛ of
4.7089) was also calculated for the pigment in absolute
ethanol using its molecular mass and λmax at 414 nm.

Functional significance of the pigment as a retinoid

Though a canthaxanthin, it exhibited only a weak free
radical quenching and lipid peroxidation prevention activ-
ities (Table 2). This was predicted due to its partial
saturation. Its structural homology with known retinoids,
identified through the occurrence of β-ionone rings,
suggested its application as a drug. Preliminary screening
of the fungal partially saturated canthaxanthin for apoptosis
in RAR-expressing LNCaP cells showed its ability for such
an application since changes in morphology could be
observed in cells treated to 1.27- and 2.14-μM concen-
trations (Fig. 2). HeLa cells, lacking the receptor, did not
exhibit any morphological variations (Fig. 2). FACS and
MTT cell proliferation assays were carried out to further
evidence the above observation that the partially saturated
canthaxanthin required RARs, like the known retinoids, for
reactivity.

Flipping of plasma membrane phosphatidylserine (PS)
from the inside surface to the outside surface is an early
event in apoptosis (Fadok et al. 1992) and specificity of
annexin-V–fluorescein isothiocyanate conjugate binding to
PS is used to probe apoptotic cells. Since cell membrane
integrity excludes propidium iodide in viable and apoptotic
cells, whereas necrotic cells are permeable to propidium
iodide, dual-parameter FACS analysis distinguishes be-
tween viable, apoptotic, and necrotic cells. Simultaneous
MTT cell proliferation assay that measures cellular meta-
bolic activity supplement results of the FACS assay by
further quantitating the percentage of live cells.

FACSandMTTassayswithprostatecancercelllines,LNCaP
(positive for RARs) andDU145 (does not express functional
RAR-β), treated to 1.27 and 2.14 μM partially saturated
canthaxanthin, showed that LNCaP cells exhibited 9% and
68%apoptosis,respectively.Only4%and23%apoptosiscould
beestimatedinDU145treatedtosuchpigmentconcentrations
(Fig.3). Absence of apoptosis assayed in cells grown in the
medium containing the highest concentration (0.5%)
alcohol (control) suggested that the effect was solely due
to partially saturated canthaxanthin. Since MTT assays
determined 85±0.7% and 35±1.9% metabolically active
LNCaP cells and 96±0.4% and 76±0.9% viable DU145
cells, the results corroborated each other for the conclu-
sion of retinoid-like activity for the fungal partially
saturated canthaxanthin.

Discussion

Low pH and elevated temperature affect growth of fungi by
altering membrane fluidity and integrity causing increased
proton influx (Vigh et al. 1998; Burgstaller 1997; van de
Vossenberg et al. 1995). For survival, adaptation to these
extreme environmental conditions involve incorporation of
primarily sterols, fatty acids of varied saturation, and
polyisoprenes into the membrane (Petrovic et al. 1999;
Albers et al. 2001; Haines 2001). It appeared that the A.
carbonarius mutant isolated for temperature tolerance was
also affected in sterol biosynthesis and partially saturated
canthaxanthin was synthesized from isoprenoid precursors to
regulate membrane fluidity, similar to carotenoids of chloro-
plast during xanthophyll cycle (Gruszecki and Strzalka 1991).
Apparently, the partially saturated canthaxanthin incorporated
in the mutant A. carbonarius cell membrane in a manner
similar to zeaxanthin in lipid bilayers (Wisniewska and
Subczynski 1998; Socaciu et al. 2000; Socaciu et al. 2002).

Significance of the β-ionone containing partially saturated
canthaxanthin with retinoid properties synthesized by the
mutant A. carbonarius, identified in this study, is new to
literature. Ability of the fungal partially saturated canthaxan-
thin to react with retinoic acid receptor containing LNCaP
cells and cause apoptosis suggested its retinoid-like activity
for cellular signaling (Klaholz and Moras 1998; Teicher et al.
1999; Mailfait et al. 2000; Egea et al. 2002; Nagao 2004). It
has been shown that cell signaling by retinoids leading to
apoptosis occurs largely through RAR-β (Campbell et al.
1998). Low apoptosis in DU145 cells expressing nonfunc-
tional RAR-β further evidenced the functionality of partially
saturated canthaxanthin as a retinoid for possible use as a
drug. From 100-g dry fungal biomass (36 h old culture), 130
to 150 mg partially saturated canthaxanthin could be
obtained. Since the value corresponded to that present in
unrefined red palm oil, so far reported for highest carotenoid
content (Dawson 2000), the A. carbonarius mutant appears a
good source for the xanthin.
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